DOCUMENT RESUME 



ED 246 079 

AUTHOR 
TITLE 
PUB DATE 
NOTE 



PUB TYPE 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



TM 840 350 

Chang, S. Tai; Bashaw, W. L. 
Characteristics of Anchor Tests. 
Apr 84 

38p.; Paper presented at the Annual Meeting of the 
American Educational Research Association {68th, New 
Orleans, LA, April 23-27, 1984). 
Speeches/Conference Papers (150) — Reports - 
Research/Technical (143) 

MF01/PC02 Plus Postage. 

Aptitude Tests; *Difficulty Level; *Equated Scores; 
Junior High Schools; *Latent Trait Theory; *Test 
Items; *Test Length; Test Norms 

♦Anchor Tests; Item Calibration; Otis Lennon School 
Ability Test; Person Fit Measures; Rasch Model; *Test 
Linking 

ABSTRACT 

The purpose of this study was twofold: to investigate 
to what extent characteristics of anchor tests may affect precision 
of Item calibration, and to estimate to what extent precision of item 
calibration may be affected by removal of persons whose response 
patterns deviate from those normally expected from the Rasch 
one-parameter logistic model. Three characteristics of anchor tests 
were under consideration: the number of anchor items, and the range 
and average of difficulties of the anchor items. The data were taken 
from the nation-wide norming data of the Otis-Lennon School Ability 
Test, Form R, Intermediate Level. Anchor test characteristics did not 
show systematic effects on final calibration results. The removal of 
misfittina persons was detrimental to calibration results. Further 
studies a. ^ needed to clarify the effects of anchor test designs and 
person fit or. linkings. (BW) 
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nj'ii>oDucriG{i 

roi- uocxiGOi;, i.irytt,a;!el:riciiuui iv;VO boon Gtrivi.iig to craianco 
oujocLivity, accuracy, cuia ciiiciGiicy of i„oiitol nxsasuroiaoiit. Iho 
i.io:jt; ia£X)rtc-ait GovoluiJaei-±s in roceiit yoar^ arc probably tiio 
iuUor.t trait ti.cory aiio its aHJlicatiojic, particularly, 
ccLiiXJteriixu tailorc<i testing. /availability of a larye 

aoi.ocjoncouG itca pool (or 20tJ or uore itei.s) is usually 
prerc<iuisite ror t^iilorc^ testing ancVor so;,ie ocher i.tore awonced 
^L\- ications o^' tlic latent trait theory. Mso rcquireu is that 
all tiie itcias in Lhe -i^ol be precisely calibrated on a single 
co:.5.ion scale. Since it is not feasible to aciainister a very long 
Lost to any single group of e:<ainiriees , iteias for a pool are 
usually collected froia several ite:a sets v/ldch ore calibrateu on 
inueixinuent groups. (There ore also some otlier factors tiiat 
oictai:e collection of itaas f rora laultiiie itera sets on indeix-ndent 
groups, for instance, for updating on itera i»ol or for 
constructing teste v/itli comparability across tiine.) Unless 
ctjUivedeiit groups are used in coliijration, some conversion is 
usually noedc-u to linl; iteia parameter estimates obtaineu from 
set-Cirate groups. 

Linking t\/o sets of se^xirately calibrated iteias can be 
accoiaplisheu tlrirough either a coniaon group of e:<amiix;cs wlio take 
boUi tests or tlu-ough a set of cornmai iteias (known as an anchor 
tost) taken by different grouixj of exarainees. Since usually it is 
incon^/onient to use a common group of persons for linking, tlio 
anchor test ai^jroach becoiaes tlie primary iiKans for linJiing and is 
tlie concern of die present study. 
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lucre aro ipaiiy ia3\'char.Gtrical nodelc siibsuiuod to tho latent 
trait tiicory. Oie or tlic r.iore p^iyular ixxlol is Pzicch'a ar.e 
Kiraiaoter loyistic (lEL) Ltodel. P^via; of jpe^'chaaetric literature 
reveals tiiat altiiough lEL model las attracted a larcje nui.iber of 
Gciuating studies, or.ly a few liiii'.ing Gtudiec luive been cwnouctod. 
UquatiiKj aiio linl;ing are syi.raetrical proccxiurec and have cone 
uiJ.iUariLies; nevertiieless, tliere are ciLgo ij;iiJortant ciiff eren.ces. 
I;c2t of all, ajuating uealG directly v;itii accuraoy of uK^dUured 
cajiiit,' ccorec, v/hereas linking deals directly v;ith precision of 
crdibratec^ itciu estii.kites v/iiicii eventually affect accuracy of 
:.;ea:;urcxi ability scores. 

In sone ecjuating studies, effect of length of anciior tests on 
accureicy of cf^uateu score vras iir/estigated, but rw consistent 
rosulte were reached, 'ihis is primarily due to lack of a good 
criterioi'. for evaluation of equateu scores. If tlie Ilonte Carlo 
;.!0Uiou Ltied, tiie criterion problan is 53olveci but ti\c results 
:aay not confori.s to reality. A better rjoJution is to er.iploy 
several test fonas to constitute a circular diain and tiirough 
consecutive ajuating tlie initial test fona v/ill be fimlly ocjuated 
to itself. Consistency/ of ability scores tlien becoiaes an 
ovaLuation criterion. Since it is ej.tranely laborious, tMs 
approach is seldom use ' by researchers. 

i"\s far as linking is conceriied, cujr'ront knowledge :ilx)Ut 
anchor tc-st length and oUier characteristics is lijai ted. Prom 
tiieir .iteia calibration e:-:pe.-ience using tiie classiwd tesi-. niociel, 
rWJride :md V/eiss (1974) claincxi tliat 40 to C>U aiichor items may 
needed to ailibrate an itera lool. 13ased on tlieoretia-il vidues of 
standard errors of itaii estimates, I7right considers a saiaide sii:e 



o.. ^.;;u iAjtix>ni: emu :ui caichor te^jt oi: 10 tc 21j itOLis uuriiciuiin 
.:or i.;Oi.i: liiiliiivj situ^•.(:iollG. l/ricjiit coiiLeiiUj thc::t tc-n caichor 
iaj..:^. i.x;;^' be at,o:_jU:ite h: tiio iiXaau arc tjoou (Uriyht, 1977) • 

l/liil'w i.io-t liiJ;iii<.j utudiec da^lt caucei;1:ually v;itii linl-iiug 
oroolu.iu, one ci.ipiriccd utuiy (!Id:iiil(j^- Rocliaso, 1C81) 
ii^vcsticjaLeu ojltLctts oil i^oj^Dio ijize ana anchor tost la;gti) on 
i;reci:^ioa Oi: iuci.^. [>arcaaoter OGtiiiiates. aiiere v/ere tiiree levels; in 
t:e-t luKjth— - 5, 15, and 25 itaas. Correlation bet\;een liakeu 
c^jtii.iatoi; anci estiiiiatcis obtxiineci f roia tiiG original total scuniie 
/wa:^ ul;gu a:; cm ov^duation criterion, Obtaineu correlaciai values 
uuior oil conditions \/erc close to unity. Despite trivial 
uiiiercnces aiaong tiic correlations , resultc generally indicCiteo 
tiie longer tiie ajichor test anci tiie larger ti"ie saia^jae size, tiie 
better ii*o precision, OiiLy in one condition \;as tiie fivc^iter.i 
CLiiciior better tlian tiie f if teen-iteia anciior. Hie invTiSciyators 
tlius tiiouglit a live-itcTLi anchor raiglit be ciuocjuate,. but a 
Iii: teen- item cuiciior v/as suggested, 

Ilosvever, tiie correlations used to ev^duate otLil^^ration auxi 
linking results : '\y- be enit'ected by distributions of itera txiraaeter 
estijuates aiid aoes not necessarily reflect mgnituciC of errors 
introducea tiirougii estii.uition cuid linlcing processes. Moreover, 
factors otlier tiian size of saiuides ima length of anciior tests ^dso 
neea to Ix) identified and investigated to provide guidelines for 
construction oj: aiichor tests for linking and guarantee tiiat 
ucsireu precision of iteia a.ilibration a;n be reachcnJ. 

In iteia calibre. tj.on, ridsf it of an itera to tiie Itoscii laodel can 
Lx: due to ^iborrant test-toking tehcivior or a fev; [X^rsotis just as 
it can bo due to a general flav; in tlio iteia itself. It is 



conjectured that iiapact oi: irregular person rcsiX)nsos ccUi be 
Gcriouii when e::cii.;incc Suiaiple size iu ij/icdl anu tiicit evea larye 
iiciia^iei: ivuiy HOC oijiitcrat.e contaiairiatiiig irii'luence or irreyuiar 
iX'ru)ji reijiX)nGe^ ' (I /right :< Stone, 1979, p. 02). rev previous 
studies uoal v/itli per:u)n rit problun and no one lias investigated 
iiU; raaovcu ol: hiiSiJitting ^x^rsons afreets calibration of iteia 

iX)OlS. 

U-e txari^se oi tiiis stuoy \7as U/Ofold. Ojie \;as to 
iuv^esticjate to v/ikit extent cliaracteristics of anchor tests niay 
arfcct precision of iteiA calibration. Ihe otiier txirpose v;as to 
eijtiiiiate to \/l'at e:<tent precision of iteni calibration raciy be 
aijfwcteo by ra.ioval of [x^rsons whose res];x)nse patterns deviate 
fiTu.i \ji£it are nomally expecteu froia ll^ model. Ihree 
ciiuracteri sties of anciior tests were uider consideratiai/ naiaely, 
test lencjtii, test widtli, and test height. Tnc^te ti'iree 
characteristics corres]:x)na, res£Xictively, to nuniber of anchor 
iu.nas, range and civerage of uiff iculties of tl^e anchor iteias 
(Wright u r.tone, 1979, p. 133) 
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i 

llie tuiKaia-icalG of uie design of this stuay can be £X'i.-coivea 
siuilar td /aiyoff's (1971) Equating DciL^ign IV or Ei]uatiiig 
Dcjicjn VI. Hicl essentials of tiieso donigns are as folla;s: 

Test (Fona) }: is acfiainistered to Group A; Test (Pon.i) Y 
advdnistereo to Group D. Tests (Fon.is) X and Y have a sc^t of 
itci..s in coiiirac|i (i.e., an anchor test). Tne. anchor tesu is 
adiaiaistered to botii Group A ano B arid is used to adjust 
uiffercncGS tiiat e::ist bet^veen tiie h-io tests (forras) . 

In ttio preseint s-tudy, a nonanchor test v;as treated as if it 
2nt tests (i.e., analog of equating a test to 
:ind of treatjaent v;as first used in ajuating 
resL-arcri by Leviiie (1955) . A nuiri:er of .x)re recent equating 
studies also usda it (e.g.. Green, 198!J; llareo, Petersen,' & 
3tev/art, 1979; Pet'icie, 1901) . •■ 

'ihe present rlisearch was conducted in a fashion of an ox posi; 



v/ere tivo aiffer 
itself) . Hiis 



facto exper iiiient . 
U'/o oiff erent grac 



Itonanchor test itoras adibrated wiUi groqjc at 

!e levels v/ere linked onto a base metric tiirough 
tests. Tae anchor tests differed frora aie 
in test height, v/idtli,, ancVor length.. Ac tiie 
pair of random ' saiapLes of 1000 exaiainees eadi 
ta base. Tlie exaininee SEuniiing V7as replica tea 
tiiree tiiaes wiUiout leplacement. Calibrating and linking v/itii 
oiich pair of sauaples v/ere perforraed ' under tv/o different 

e situation, laisfitting persons v/ere not 
ntact samples v/ere used. In tlie otiier 



situcitions. In oi 

screened and tlie i' 



uituiition, irdL^iittirig porooiv^ v/ero deuo..:ucu aiicl e::cludoa trora tiie 
groups. Since tiicro \7ere bvo situations, tlireo replications oi: 
i:xi:;;ple ixiir^j, cuici 22 anchor tests, tiic to1:al nUiibor oi 
calibrations i^ 2 ^ 3 * 2 ^ 22 264. Final" results of iteia 
a\lii)raticn \;erG 3\.^aluatcd in ten.i of fiuolity of iteiu cstiiratos. 

Data Case 

'iVie dau.1 ixiSG uscu in tiie present stuuy was taken froro tlie 
ikitiGn-\;idG nor..;in:j data oi: tlie Otis-Lennon School Ability 
'xest (GLS/\'r) , Fona R, Intenaediate level. Ihe Intenaediate level 
v;as eesicjned for students in craaes 6, 7, and 8. Tiiere are 13C 
iteias at ti'iis level in tlie Fona R of tine Otis'-Lonnon test. iViis 
ion;, and level of tlie test v/as nonned in fall, 1977. Tlie si:^th 
:uid tlie sevaitli graders' responses on tlie iteius were used in tlus 
researeli as tlie data base. Hiere are rcsix)nses frora 11,776 sixth 
cjraciC students and 11,020 seventh grade students in tlie data base 
(Otis d Lennon, 1979) . 

Preliminary Analysis 

"Ihe si::th and ' tlie seveiith grade students in tlie . data base 
were treated as one population. All tlie iteras in the data base 
were Ccilibrated witli tliis populatiai twice, once with tlie* intact 
[,opulatiQn and once witli data of non-"fitting ^x^rsons deleted. 
Ihese aiialyses yielded ir±'omation rogardilig difficulty {DUV) , 
standard error of difficulty (ffXDERI^) , mean square fit (IISFIT) , 
caid slope of itan res^xDnse characteristic curve (i.e., 
discrimination) for each iteia. Table 1 aiid Table 2 show tlie iteja 
difficult^^ and related ini'onaation from tliese calibrations. Ihe 



iLeia dij:i:iculty veduos cina \±iO aietric tiuu; uefineci, dia.'U in 
lable 1, v;ero taken as iter.i p:irai.ieters cinct as tlie base radtric for 
i.ubs«~xjUoriu ajalyiies ^/lien all saiaple data v;cro usou. Table 2 nhavij 
cLMilar iiixonuaLion for Gubsec-[ueiit ajialyses froia v;l:iich hiisf itting 
ixjru^nc v/ero rar.oved f roia saia^jles. 

llie ijoixilation was trieii separated according to subjects' 
grade levels into two subpoixilations. /U.1 tlie iteias in tiie data 
ua.se were calibrated witli each of tiie Uvo subpopulations 
regarcaess of iiiLsf itting persons. Itera difficLdty values obtained 
froia these U70 calibrations \;ore piotted* against each otlier to 
screen 01 ' wssible outliers. M outlier v/as loosely defined as 
,on tl)e plot, a point that owiously deviated froiu tiie best 
fitted straight line of uiit sl(6pe. lYic reason to screen and 
eliiainate iru.sf itting iteras witli tiiis particular rrietiiod ratlier than 
eraploying slope anq/or raean square fit values was that misfitting 
iteias could be better judged from such direct fitting results tlian 
from some indicators (Cf. Rentz, 1975) Slope and mean square' fit 
values indicate item uusfit in term of e^ctent rather ttian type. 
I^oth of tiian lack definite criterion values for identifying 
misfitting iteias. Figure 1 presents tlie screening plot. IJo ioiia 
;;as seen as an outlier; thus, all tlie 8D items in tiie data base 
v/ere retaiix-d. 

Construction of Anchor Tests and IJonanchor Tests 

Construction of anciior tests and ndnanchor tests was L)ased on 
item ixiraiaeters obtained froia tlie calibration witli tlie toUil 
iX)pulatioi-i witliout excluding misfitting persons. Iteins were 
scixirated into Uvo sets. One set contained 50 items ^ind served 
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as an itca ijodl for constructing anchor tests; the otlic-r set 
contained tlie re.iciinincj 30 itoras anu was Oiually devidod into 
tiireo subsets for constructing nonanchor tests. ' 

/aichor iteias were seloctcu according to difficulty fxiroiaeter 
vidues, such tiiat difficulty Vcdues for 40 iteias spanned tiie range 
Of - 2 to + 2 logits ana wore approxiwatoly equally spaceu in 
tiiat iiitervol. motiier ID iteras were chosen ■ at:proxiiaately 
'-^.uaily spread in the range of - 0.5 to 0.5 logits. 

IWenty b/o cinch.or tests were cx^nstructed. One anclior test 
c-^ .i-rised all tiie anchor iteias. A second oiid a tliird anciior tc: t 
consisteo , respectively, of tlie five and the ten best fittin^ 
anciior itcaas, best fitting in tiie sense of having mean sriuare fit 
values and alope index values- near uiity . aiie other ID anchor 
tests differed f rora one another in tiie design of test height, 
widtii, cui4/or lengtii. Test lieight, width, and length are 
synonyrc, resix^ctively, for average itera difficulty, range of iteia 
diffculty, and number of items in a test . Bie 19 designed anchor 
tests centered abound one of tiie foliating tiiree lieight levels: - 
l.tJ, 0.0, caid 1.0 logits. At tiie -1.0 and'l.D lieight levels, 
tliere were l.D iind 2.D v/idtii levels. At Uie l.D widUi level, 
tiiere were U-zo lengtii leveds— lengths of five or ten ite^is. At 
tiie 2.0 widtii level, tliere were tiiree length levels— five, ten, 
and Uventy items. At the 0.0 lieight level, tliere were tiiree widtii 
levels-- 1.0, 2.0 and 3.0. At each of tiiese three width levels, 
test letigths v;ere five, ten, or tv/enty items, liable 3 lists 
Uiese S£x;cif ications of tiie anchor tests and tiie actual iieiglit of 
eacii constructed anchor test. 



'l\vo notianchor tests v/ore co/istriicteo froki tiie 3u italic 
reservcti for tiuc ]jjrto:io. One subtest or ten iteias was useu in 
botii icnciiichor tests, lliese cx>iTaon iterdS v;ere coi.ibinecl witii ma 
of tiio other U/o ton-itein subsets to forra rxjnanclior tests for trie 
Ctii and 7tii graders, resixsctively. 

ToIjIo 4 lists the itcr.is assavbleci into eacli anchor test as v/ell 
as into nonanchor tests, 'llie nuraerals in tiie table are tiie sai.ie 
as ac-cual item nuifibers in the Otis-Leainon School Ability Test. 

Examinee Saniies and Calibration Procedures 

A pair or randor.i saraples of 1OD0 examinees each was tirawn 
from tiic si::tli and the seventli grade subpopulations. ihis 
e::ai;iinee soiapling process was replicated tliree tiiaes , without 
replaca.ient, ■ resulting in t^-ee different ^-miplo pairs. SampiLincj 
examinees from tlie subiX)pulations v/as perfonued in two stages. In 
the ficst stage, random nun±)ers v/ere generated using a uiifonii 
raridaa number function and tlie nurobers were attached to eicaiuinees* 
oata records. For each of tlie tx/o 3u).)ir»pulatiais, three 
indcix^ndont saraples, eacii of a siee slightly over 1000, v/ere isiien 
produced by si^ecifyiny tliree mutually exclusive ranges ^ of tiie 
randoiu nUibers. In tiie second stage, exactly IGDD examinees' 
records \/ere randof^dy taken frowi ciach s^uaple. A computer udI bvare 
syutun, SA£^, v/as utili^cxi to accomplish the sampling of exaiainoes 
(Cf. Pay, I982y Council, 1980, p. 152). 

Itaas in each of tlie A/o iwianchor tests, along witli iteias in 
each of tiie 22 anchor tests, v/ero calibrated witli rosi>3ct.we 
e:xuidnee saraples ^each sami;iLe jxiir. Ilonanchor test itc:.as 
ccilibrated witli lower grade level saiaples as well as tlie iy:>naiich.or 



iteias cxuibratecl v/ith iiigiier grade level sai.iples v;ere uiexi liiaceu^ 
tiirouyh different anchor tests, onto tiie ijQse laetric. 'ilie lin};ea 
iteia^ . estiiii^ites obtaineo frora mvii'oiuiieiits ol: different arichor 
tests anu froia eacn sa;aple v;ere coiapc'ireci v/ith tl:eir itera 
[jarcaiiutui . . 'ibis was done lor both intact-saiaple anu 
exciuuincj^iiULSi:! Ltiiiy-scuuple situ^itions. 

l.l:ccliision ox: liisf luting Persons 

StatisticcJ. procedures for iuentifi^^ing laisf itting pc^rsons are 
illustrated in ;7riyiit ana Stone (197?) • According to ciioa ( p. 
1Gb ) , tiie por'^n-fit statistic is more or less nonaally 

uistributeci but \/itii wider tails, liie^' consicier a rejectioii level 
of ajx)ut 2,u as conservative aiid 3,D acceptable, Ihe present 
stuuy usee t-2,I3 as tiie critical Vcilu:; bo cetect anci exclude 
lidsfitting ixirsons. 

Translation of Iteia Estiiiuates 

Conve iion is neeaeci to £iLace itein estiiaates from different 
daiia rx.^ts onto a coitSiioif raetric, I^'tionale and metliod 'for 
translating Pasch iteia difficifl.ty estKuates ancl/or e>:aininee 
ability estiniates frora one test scale to another test scefLe have 
been aescribed b;^' T^entz and Basipw (197S, 1977) . More 
illustrations of linking togetiier b/o sets of iteia estimates 
tliruugli an anchor test can be found in Mead (1981) , Kreirwas and 
Mead (1979) , and 17 tight and Stone (1979) . V/itli the Pascii model, 
v;ljC'never Uvo se^xirately .calibrated tests lx)th me=isure tlie same 
trait and lx)th fit uie model, tiie test scale defined for tliera will 
nave tiie saiae mits., but different origins (I'^entz a Cashaw, 1977, 



^- --v..r\..^^ oiiU.or lu^.; uii:iiaiitiea on tiio taijcj i.^^tric aiiu u.u 
:v.....<je cu.CiiGi: iLa.i uil:i:icultiei:; on ulie teut ijccdu i^incj 
'...4^..i.Acu« catieruice ii. ulioii u;cc4 aL, cui auditive coru:uc;nt to 

»a....>i..Lc U.u r.oiianciior itua c:;tL'.atC3 froi.i UiO ;;calo beii;^ 
--.jU.c.:-c. oiito UiO uuaj i^vtric. LiiJiin<j t\vo uet:J of ituia OGtii.utc:j 
i.u a ",.rcc;-:i^tii;'.j" bc;u: iactric io ju^c tlic L^aac ac linJiii..^ 
;.w.^:-u,ci: u;o ^'u-l:::, c:^cei.t tv;o, rau:cr Uicji ouu, uju::; of cuLii.iatoi. 
i.ccv. .x; a\j^,Gl^U(ja oiito tiie i^^ruiculur bau.* niotric, 

tiUi iictiiU-i oiiu Criterion 

rii.ni r^.i^ult:. or itoa caliljration (i.o.f liiJ^cu item 
-ii;:iCLJ.Ly e;^t:i:.4Jtc5) wure cvuLuwteu iii tcn.i oi lidoiity oi. iUuV, 
i.-JLjj.i^tc-:; \;it.i uUi ab::oiutc criterion. Fidelity uoals v/itii 
ui:.ore],^ii.cioL; u.bwi.-en each LX:t oi: lin];ou itora c^iitiiiiateL; ono tiie 
.*..ru^..etur... 'xliu criterion lor e^^ciluatiou v;aL; distance froi.i an 
:.o-oiuue vauo Oi. aero. Diiitanco io uijcu here tor value:: of 
i lueij^ty cii: creixincy, irrefj^^'Ctive of ariUii.ietic iJignu.. 

'ihu<;rctiuUiy, CiirjcrqAuncy valuoLi choulu bo cloije to ;iero it 
iuj. caiibratioii and iiiikincj can be done [>jrfcctly. iUuiouyi 
,vr..cct calibration actually never am be e::ix:ctcd, dii^tancc fro:.i 
w4 v.aue o;. ix^ro ccui provioe ixji\c uuetul iiu;on.iation v/iUi reHjar<i to 
^.vaiuatin'j tiKd calibratioii rciiultn, Dcncrxptivo L;tatiLitic:j 
.,uch an lauin, utanc^ard dcviatioji/ hiiniiuu.i, cuid laaidiaua or tiie 
ca;jtance valueu were calculatcu. In auJition, nKiann ol 
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i^ii.::. ^L-u:;. uiiOouuil:ior..ix :;M;:iiaUu iikalinoou pro<j^\JuL'C£; ox l/^icjiit 

..u..,xv;u i.. tiic llinji i.rocjrai.1 (I.ouo 1). Prexjrcuaxi v/riutoii wiLii iv£ 
w'oru u:jcv. iii ccia^AiLiriCj uroiiiilaLioii coiii^tantc, iu linkincj 
uxxlicuiLy cx.LiikL;uo; oi^ UlC; noiianciior teot it'jia^j to die Ixiuxj 
i .oLric, aiiu ill [X-rionaiiKj Ux* cvaluaLioiu 
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lucia correctly (a zero tcLJt iicorc) or all itaau correctly (a 
L^riccu tci^t score) arc rK)t u:;cu. In Uic preisent Gtuoy^ total 
r.urijer i_x-ru;ns rei.ic//cu rrOiV. any ^joinple duo to zero or periect 
;.core iu oiiy caiibratiori never cvccecoecl ueven. in tlie 
cui ibrationr, witii rauwal ol Ldsrittincj ix'r.^x)nsr Uie nur.iberii or 
luisiittin^j i^-ru^ns reuovcu iirohi t^cunplcc Vciricd iroia 34 to 132, but 
lAOi^t v;cre ixjD/een 5U to 9U. 

Lvaluation oi Piuelit^' DiLicrcfjancy 

/ui exai.dnation ol laeans or ciGcreixincy valuer; ckx:G r>ot reveal 
aiy sy^steiaatic bias in tiie linked iteia cGtii;ateii re^ulteu roia 
anchor test characteristics or person fit situations. 

LValuatioii 01 PiuGlity Distance 

Itcsult:^ of evaluation on f i.uolity dist^ince are shown in Table 
5 to Table a. In tiiese t:iblesr characteristics oil tlie anchor 
ujsts are tiie saiae as tiiose in Table 3. Coraiiarisons oi the 
statistics across tests and sajuiiLes for eaclj grade and eacli 
situatic^i do not sha/ any systematic effect of anchor test 
characteristicij on tlie filial calibratioii results. CoinixirisoiiS 
across situatioiis for aich grade seaa to inciicate tliat rcnicvcd of 
i.dsfitting ^x^rsons makes u-dibration results slightly wrse, if 
Uierc uire any differences, tlum ijo reiaoval. 

lb 
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DlSCUSSIOIi 

iiic iucc liiai: aiiciiur titisz ciiaracteri^tic^ uio nuL uiu/ 
j^'i^cf^i.iacic uiAiQctz on liiioi caiiDratioi; ret:ulLii v;aii aon:L;iuui:L;u tu 
uo proUioly uuu to uie or ooti-i tiie iioliaving tvvo rea£X)aii: 

a, Uio OLIi/iT ciato iic liio lQi-.ch LKxiel very ^.voll/ aiic/or 

Li. 'ilierci e/:iaLs on iiuioren: lii^iitouia; on tiie precii^ion 
calibraLioji tiiut can be alUiiijc^u wiui tiio i.ictliou useu 
UiO pi'ebonL stuuy. 

'/uoorGtic^iLiy, v/aci:- uau^ fit tiio raociel iXirjLe<jtIy, linJdncj 
roi^uILi^ uioulci bo tiiu tjaiao re<jardlest3 or ajiy difiierenco in tiie 
ciiaractori^^ticG oi: anciior tests. In otJier v;orcjj/ it siiouLu lioi: 
i.iatter vvlat itoius constitute an cuiclior test ii tkit^i rit tlie i.KXiei 
j[^-ci'iccLly . 

'ilie ooia^xiter provjrara mi/ili procuces bvo iteia fit st:itistics: 
inuex oi: r/ioan ajuare fit aiici index of slope vcdues* Overall fit 
or u set Oi: data tx> tlio nxKiol can be evaluated through tlie values 
Oi: tiiese indices. lic^vf.ver, due to tlie algoritliin in tlie prograra, 
tiie values obtaiitid for tije index of slope fraa c^cli calibration 
are very rough indicators of item fit. 'ilie Lioan square fit value 
for oacli iteia is a niore accurate index but nat a perfect aie. Bie 
vcdues of uKxxn square fit for the OLSAT items indicate a good 
werall fit of tiie OLSia data to the I\asch iiKxlel. 

/vn alternative approacli to evaluate fit of data to tlie irodel 
is by uxaiTiiniiKj plots of itaa difficulty values obtained from tavo 
subgroups of exajuii-iees. If tJiere is a goou fit tlien tlic ix)ints,in 
a plot should fall along a 45 degree angle line. Again, tliis 
cii:i3roach is merely a rough v/ay of evaluation of fit. Ttic fit of 
Uie OLS/fl? data to tlio l^sch nxxJel can be considered excellent if 



'^'V.LLUutc overall liu tux- oata to tiic ..KXioi by \;c:y o.: ti.c; 
i:,.a:i\ ii: Pirjure 1, 

'4)rouc,i; c:iiiijrotioi; cuki linking procooures, 3Diao errors aiu 
inoviUioly iiitrouuccu into itoi.; [.CiniMOter cstiiaatos. It lony 
^ci:\i l:uo\.Ti Li;at r^inuoia -^iiaplincj docs not neceiJsarily generate 
■ dvaluit grou^x:. Prou dno ropiicationL; oi: the cara^dGs iii tiio 
[.rebuilt ctury, it v/a:j found tiiat sa\nplG fluctuation r;kiy cauiiG 
:.uuiiLautica errors oven v/rion scaaplo i3izc iis as large a^ 1000. 
i\iL^o noticco \;a^ tiiat a)uetiiaeG estii.iates cn imividual iteias also 
iluctuate. 'Hic linlcing metliod useu in tiiis ctud^' ritilcci: 

adjastiaents on er;tl^'atec for nonanchor itaas in eacli design 
circi^i.istance bry luorely a single additive constant. Vfliile ttiis 
siiaple hictiioo very accurately adjusted estii.iates for nost iteias in 
i.iost cases, it v;as not unexixicteo tiiat it v/ould iiavc failed tc 
pjrfoiTti v/ell on soiae itans in sone cases. Results fraa an 
evaluation of fidelity discreixincy on individual itaus scaacxl to 
ii'iUicate tiiat such failures wore randora events. Since tiie errors 
rroia ti;ese major sources were randora and ifiovitable, systematic 
error brougiit about t^' anchor test cliaracteri sties, if ary , may 
not be easily uotectable. It should be noted that 'dUi aapirical 
c.at^l it is very difficult to isolate each source of error. Dut 
for ail practical [XirpDses, tlie concern is usually tlie lacignitude 
of totzil error associated witJi evich itaa ratlier tlian tlie 
uistinction of differeiit error sources. 

'iho fact tliat raao/al of laisfittirig ijotunvj sc^ms 
(Aiitriiueiital to ailibration results \;as attributed to aie or both 
of tlie foil wing tv/o ix)ssible reasons: 
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UXiXULLJion in rcaiyei; of itcia o^^tiiaates and scales oei.incc 
by uiu Liitiiaat^:j/ aiicV'or 

!>• AiJiJiropriatonoiJL; or tiic jjor^ion fit cuatictics. 

In die preLient i.tiiuy it v;ai; found tiiat ita.i ostiJiUites and 
^caio^ GoriiXju by tiio estij.uteb wore ''ntretchc<i out" to aLC'i 
Lu-ee tcntlii: (in lo^jit units) on botli eaoy and iiard aiuo wiiui 
iui:ii:ittiny percons v/urc e::cludC'U froui calibrations. [)n 
c;:ca;iiikition or reiaoved peroDni; revealG tiiat luost laii^fitting 
i^iiamj \;eru at tiie lov; ability aid, but tiiere were also coiao 
i.dL>f iLtiiig [x^rcjons at tiie iiicjh ability end and soiao otiiers in tiie 
i.dadlc;. It iu our conjecture tiiat expcuisions in tiie iteia 
estii/iCitub (eciuivcdently in tlio scales) allw somcv/iiat larger 
errors to be iiitrouuced into tiie estii.iates. 

^Tnetiier ix^rson fit statistics t is an ai-^jropr: ate measure for 
iueutif icatiai of misfitting iXirsons is a quori Ion for wliich we cx) 
r.ot liave a ready answer at tlie present" tiiae. 'Lhe par^jon lit t 
inue;: is a sui.iiuary indicator of nisfitting responses for oach 
ixerson. It is easy to use, but from a glance at aorae items 
Misanswereo by a nur^iber of nisfitting ixjrsons, v^e suspect tiiat tlx- 
i,>orwn fit t inue:: mixy not be a valid way to screoii irregular 
respx)nse patterns. 

COiauSIOIIS A[]D SUGGESlTOnS TOR FUirillMi S'lUDIES ' 
Pesed on tiie findings from tJiis study, it scans tv;o te[aix:)rary 
conclusions cim be drawn: 

1. Liiiking can probably be done quite effectively over a wide 
range of cuichor test designs, and 
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2. rxiac//al 01 :.i;jf itLin^j pjrGoni^ uuiny person fit x: iriuo:-; laay 
\/or;; detriiaaitally, 

So:.u.: furtlier stuuici:^ arc certiiiiiiy neocieu to better Parity 
tl;u erfcctij or caichor tc^it desicjnb and per::yori rit ai linking^, 
xlie OL£/a to^t used in tide study is 'ui unaitibiguously 
uiiiuiiaemdorial test, llie delta seaa to fit ti:io lkxagI very v/ell. 
For L.ost achievauent tests, diracnsioaaliby nuy not be so 
unai:iL)icjuous and luodol-xiata fit i.iay not be very yoou. In such 
cases wiictlior tiie findings froM tliis stixiy can still iiold needs to 
be iir/estigated. /viter all, achieva.iait testing is tlie area to 
i;iiich latent trait Kiodels are raost likely to be atplied. imetlier 
tiiere e:cists an idierent lir.iitation on tiie precision that can be 
attained v/itli the linl:ing raetlioci used in tliis stuay can be 
investigateo b/ a^Jlying tlie Metiiod to a variety of larger saiiiple 
sizes. If errors obtairjed with some larger saiaple sises ai:proach 
nearly ^die scaiie magnitude , a clear liiiiitation can tlien be 
conciudcH:!. Different measures of £:^rson fit and tiieir effects on 
liriKing also ixied to be laore tiioroughly studied before V7e can 
firmly declare v;ho are husf ittiiig iXirsons and v/hether tliey should 
or snoulci not be reraoved froia calU^ration. 
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FIGURE 1: PLOT OF ITEM DIFFICULTIES OBTAINED FROM 6TH . GRADERS AGAINST 
ITEM DIFFICULTIES OBTAINED FROM 7TH GRADERS 
LEGEND: A= 1 ITEM, 2 ITEMS, AND C= 3 ITEMS 
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TABLE 1 

RASCH CALIBRATION OF CLSAT USING TOTAI. POPULATION 



TTT7M 




DIFF 


1 
1 




-2 .593 






-1 .698 






-1.111 


4 




-1.554 


5 




-1.765 


0 




-2.127 


7 




-1.211' 


o 
O 




-0.894 


n 

y 




-1 .428 


1 n 




-0.931 


1 1 
1 1 




-1 .263 


1 o 




-2.019 


1 o 

1 J 




-1 . 606 


14 




-0.568 


15 




-1.211 


Id 




-1.298 


1 7 




-0.773 


1 o 

lo 




-1.684 


19 




-1.103 


20 




-0.425 


21 




-0.701 


22 




-1 .096 


23 




-0.746 


24 




0.241 


25 




-1.361 


26 




-0.112 


27 




-1.172 


28 




-0.007 


29 




-0.140- 


30 




-0.416 


31 




-0.408 


32 




-0.092 


33 




-0.729 


34 




-0.003 


35 




-0.066 


36 




-0.980 


37 




-0.275 


38 




0.533 


39 




-0.025 


40 


t 


0. 118 
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STDERR MSFIT SLOP E 

0.023 1.04 0.67 

0.018 0.80 • 1.41 

0.016 0.80 1.52 

0.017 0.98 0.93 

0.018 1.18 0.61 

0.020 0.71 1.40 

0.016 . 1.01 0.89" 

0.016 , 0.85 ] .42 

.0.017 1.10 0.69 

0.016 1.01 -0.86 

0.016 0.88 1.24 

0.019 0.65 1.69 

0.018 0.71 1.66 

0.015 0.88 1.31 

0.016 0.83 ■ 1.41 

0.017 0.90 1.13 

0.015 0.91 1.23 

0.018 1.04 0.79 

0.016 1.05 0.80 

0.015 0.88 1.33 

0.015 0.92 1.15 

0.016 0.78 1.62 

0.015 0.91 1.21 

0.015 1.06 0.81 

0.017 0.90 1.11 

0.015 0.98 1.03 • 

0.016 0.89 1.23 

0.015 1.01 0.90 

0.015 0.94 1.15 

.0.015 1.03 0.91 

0.015 1.06 0.79 

0.015 0.87 1.38 

0.015 0.90 1.27 

0.015 0.93 1.19 

0.015 0.98 1.05 

0.016 0.90 1.18 

0.015 0.95 1.17 

0.015 1.03 0.89 

0.015 1.13 0.61 

/).015 0.99 1.03 
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TABLE 1 cont. 



ITEM 


DIFF 


• 

41 


0.62.5 


42 


-0.992 


43 


0.530 


44 


-0.050 


45 


-0. 122 


46 


0.499 


47 


-0.049 


48 


-0.004 


49 


-0.243 


50 


0.491 


51 


0.179 


52 


-0.191 


53 


0.572 


54 


0.704 


55 


0.236 


56 


0.844 


57 


1.028 


58 


0.023 


59 


0.937 


60 


0.311 


61 


0.783 


62 


0.601 


63 


1.194 


64 


1.626 


65 


1 .365 


66 


0.259 


67 


1.302 


68 


0.555 


69 


0.621 


70 


1.202 


71 


1.864 


72 


1.856 


73 . 


2.434 


■74 


1.976 


75 


2.127 


76 


1.599 


77 


1.716 


78 


2.223 


79 


2.028 


80 


2.042 
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STDERR MSFIT SLOPE 

0.015 1.07 0.79 

0.016 0.91 1.21 

0.015 1.19 0.50 

0.015 0.96 1.08 

0.015 1.08 0.68 

0.015 0.91 1.23 

0.015 0.96 l!l2 

0.015 0.93 1.20 

0.015 1.10 0.65 

0.015 1.23 0.37 

0.015 0.98 1.06 

0.015 0.90 1.29 

0.015 1.13 0.61 

0.016 0,84 1.47 

0.015 - 1.00 0.98 

0.016 1.03 0.87 

0.016 1.03 0.89 

0.015 0.95 1.13 

0.016 0.98 1.04 

0.015 0.91 1.33 

0.016 1.05 0.84 

0.015 0.94 1.14 

0.017 1.16 0.67 

0.018 1.17 0.72 

0.017 1.08 0.72 

0.015 0.95 1.11 

0.017 0.97 0.95 

0.015 0.91 1.23 

0.015 1.11 0.62 

0.017 1.04 0.87 

0.019 1.23 0.51 

0.019 0.85 1.19 

0.022 1.08 0.53 

0.020 1.21 0.47 

0.020 1.45 0.25 

0.018 1.21 0.54 

0.018 1.42 0.20 

0.021 1.42 0.31 

0.020 1.24 0.53 

0.020 1.46 0.33 
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TABLE 2 

RASCH CALIBRATION OF OLSAT USING TOTAL 
POPULATION EXCLUDING MISFITTING PLRSONS 



ITEM 


DIFF 


STDERR 


MSFIT 


SLOPE 


1 


-2.902 


0.029 


1 .06 


0.72 


2 






0 . 82 


1 .42 


3 


-1.268 


0.018 


0.83 


1 .44 


4 


-1.715 


0.020 


1 .07 


0.75 


5 


-1.850 


0.021 


1.27 


0.56 


6 


-2.456 


0.025 


0.77 


1.18 


7 


-1.299 


0.018 


1.06 


0.81 


8 


-0.996 


0.017 


0.87 


1 .40 


9 


-1.489 


0.019 


1.16 


0.64 


10 


-1 .028 


0.017 


1.05 


0.75 


11 


-1.376 


0.019 


0.91 


1.16 




■ ■ . _} 0 / 


n n o A 
U . UlH 


0.67 


1 .58 


13 


-1.861 


0.021 


0.73 


1 .56 




-0.642 


0.016 


0.91 


1.27 


15 


-1.364 


0.018 


0.85 


1 .30 


16 


-1.473 


0.019 


0.96 


1.01 


1/ 


-0.854 


0.017 


0.93 


1.17 


18 


-1.813 


0.021 


1.14 


0.72 


19 


-1. 198 


0.018 


1.12 


0.69 


20 


-0.481 


0.016 


0.90 


1.27 


21 


-0.775 


0.017 


0.95 


1.11 




— 1 9 A Q 


n n 1 o 
0.018 


0 . 79 


1 . 56 


23 


-0.855 


0.017 


0.94 


1.10 


24 


0.245 


0.016 


1.07 


0.75 


25 


-1.558 


0.019 


0.97 


0.91 


26 


-0. 134 


0.016 


1 .00 


0.99 


27 


-1.317 


0.018 


0.94 


1.15 


28 


0.024 


0.016 


1.00 


0.92 


29 


-0.158 


0.016 


0.95 


1.13 


30 


-0.427 


0.016 


1.04 


0.88 


31 


-0.428 


0.016 


1.08 


0.69 


32 


-0. 127 


0.016 


0.90 


1.34 


33 


-0.819 


o.or; 


0.92 


1 .23 


34 


-0.012 


0.016 


0.95 


1.16 


35 


-0.037 


0.016 


0.97 


1.11 


36 


-1.104 


0.018 


0.94 


1.04 


37 


-0.303 


0.016 


0.96 


1.12 


38 


0,552 


0.016 


1.03 


0.85 


39 


-0.005 


0.016 


1.12 


0.56 


40 


0. 120 


0.016 


1.00 


0.98 
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TABLE 2 cont. 



Iim DIFF STDERR MSFIT SLOPE 

0.669 0.016 1.05 0.79 

^2 -1.138 0.018 0.96 1.06 

^3 0.582 0,016 1.16 o.50 

-0-053 0.016 0.97 1.06 

-0-135 0.016 1.10 0.58 

^6 0.531 0.016 0.92 1.26 

^7 -0.061 0.016 0.97 1 09 

^8 -0.004 0.016 0.9^ 1*20 

"ll -0-244 0.016 1.12 o!59 

^0 0.598 0.016 1.17 o.41 

51 0.178 0.016 0.99 i oi 

I- -0.226 o.Olu 0.92 K2A 

^3 0.662 0.016 1.10 0.65 

5^ 0.714 0.016 0.87 1.46 

55 0.266 0.016 '.00 1 00 

5^ 0.923 0.017 1.00 0*93 

57 1.139 0.017 0.97 i.'oo 

58 0.026 0.016 0.96 l 13 

59 1.010 0.017 0.95 

60 0.362 0.016 0.89 



61 0.894 0.017 1.00 

62 0.631 0.016 0.94 

63 1.315 0.018 1.09 
6^ 1.785 0,019 1.06 

65 1.534 0.018 1.00 

66 0.276 0.016 0.97 

67 1.432 0.018 0.90 

68 0.595 0.016 0.91 

69 0.734 0.016 1.08 

70 1.346 0.018 0.97 



1''. 10 
1.42 



0.95 
1.16 
0.74 
0,90 
0.90 
1.08 
1.13 
1.27 
0.70 
l.OI 



71 2.090 0.021 1.04 0.78 

72 1.989 0.020 0.75 1 52 

73 2.704 0.025 0.78 l.'oi 

74 2.240 0.022 0.99 0 82 

75 2.404 0.023 1.31 0.'42 

76 1.802 0.019 1.09 0.72 

77 1.968 n.020 1.29 0*35 

78 2.525 0.024 1.15 0^65 

79 2.240 0.022 1.10 0.73 

80 2.339 0.022 1.30 0.55 
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Table 3 

Characteristics of the anchor tests 



Anchor 
Test No 



01. 



02 • 



o: . 



Specifications 



All Anchor items (50L> 
Five best-fit items 



Ten best-fit items 



Actual Test Heirht 
Without With t = 2.5 

Person Fit Person Fit 



0.003 
0.272 
0.062 



OA. 


- 1.0 


H 


/ 


1.0 


W 


/ 


5 


L 


-0.976 


05. 


- 1.0 


H 


/ 


1.0 


W 


/ 


10 


L 


-1.078 


06. 


- 1.0 


H 


/ 


2.0 


W 


/ 


5 


L 


-0.999 


07. 


- 1.0 


H 


/ 


2,0 


W 


/ 


10 


L 


-1.001 


08. 


- 1.0 


H 


/ 


2.0 


W 


/ 


20 


L 


-0.999 


09. 


0.0 


H 


/ 


1.0 


w 


/ 


5 


L 


0.017 


10. 


0.0 


H 


/ 


1.0 


w 


/ 


10 


L 


0.032 


11. 


0.0 


H 


/ 


1.0 


w 


/ 


20 


L 


0.023 


12. 


0.0 


H 


/ 


2.0 


w 


/ 


5 


L 


0,020 


13. 


0.0 


H 


/ 


2.0 


w 


/ 


10 


L 


0.012 


U. 


0.0 


H 


/ 


2.0 


w 


/ 


20 


L 


0.003 


15. 


0.0 


H 


/ 


3.0 


w 


/ 


5 


L 


0.036 


16. 


0.0 


H 


/ 


3.0 


w 


/ 


10 


L 


0.038 


17. 


0.0 


H 


/ 


3.0 


w 


/ 


20 


L 


0.033 


18. 


1.0 


H 


/ 


1.0 


w 


/ 


5 


L 


1.022 


19. 


1.0 


H 


/ 


1.0 


w 


/ 


10 


L 


1.017 


20. 


1.0 


H 


/ 


2.0 


w 


/ 


5 


L 


0.983 


21. 


1.0 


H 


/ 


2.0 


w 


/ 


10 


L ■ 


0.988 


22. 


1.0 


H 


/ 


2.0 


w 


/ 


20 


L 


0.991 



0.006 

0.288 

0.072 

-1.065 
-1.083 
-1.135 
-1.108 
-1.110 

0.014 
0.029 
0.030 
0.021 
0.014 
0.008 
0.058 
0.061 
-0.031 

1.142 
1.131 
1.086 
1.104 
1.104 
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Table A 

Items in Anchor Tests and Nonanchor Tests 



Anchor Tests 
01 



40, 51, 55, 59, 67 

1/, 19, 20, 21. 25 
19, 20, 21, 28, 49 

12, 13, 14, 15, 16, 17, 19, 21, 25, 26, 28, 30, 37, 42. 52 
40, 46, 51, 52, 60 

30, 34, 35, 37, 39, 40, 46, 49. 50, 51, 52, 55, 58, 60, 66 
42, 57, 60, 61, 68 

30, 37, 39, 40, 42, 50, 52. 55, 56, 57, 58, 60, 61, 68, 69 
50, 51, 61, 63, 76 

21, 25, 26, 30, 37, 40, 46, 58, 59, 61, 65, 66, 69, 70, 76 

63, 65, 67, 69, 76 
67, 68, 71, 76, 79 

57, 59, 60, 61, 63, 64, 65, 67, 68, 69, 70, 71, 76, 77, 79 

Nonanchor Tests 
Grade 6 

3, 7, 22, .38, 43. 44, 45, 54, 62, 75, 1, 6. 10. 11, 18. 23. 27, 31. 33, 36 

Grade 7 

3, 7, 22, 38, 43, 44. 45, 54, 62, 75. 32. 41, 47, 48, 53, 72, 73, 74, 75, 80 



02 


26. 


■0, 


51, 


55, 


59 


03 




26 


28 






04 


9, 


15, 


17. 


20, 


42 


05 


8, 


9, 


14, 


15, 


16, 


06 


A, 


12, 


20, 


28, 


42 


07 


A, 


5. 


8, 


12, 


16, 


08 


2, 


A, 


5, 


8, 


9, 


09 


20, 


34, 


46, 


49, 


66 


10 


20, 


24, 


26, 


37, 


39, 


11 


20, 


24, 


26, 


28, 


29, 


12 


20, 


34, 


42, 


50, 


57 


13 


14, 


17, 


35, 


37, 


40, 


14 


8, 


14, 


17, 


21, 


26, 


15 


9, 


17, 


34, 


61, 


76 


16 


9, 


17, 


19, 


20, 


29, 


17 


8, 


9, 


14, 


15, 


19, 


18 


46, 


57, 


61, 


70, 


76 


19 


46, 


56, 


57, 


59, 


61, 


20 


34, 


46, 


57, 


65, 


79 


21 


34, 


50, 


55, 


57, 


61, 


22 


34, 


40, 


46, 


55, 


56, 



30 
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TABLE 5 

EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS 
GRADE 6 WITHOLT PERSON FIT 



TEST HEIGHT WIDTH ..ENGTH 



1 








2 








3 








4 


-1 


1 


5 


5 


-1 


1 


10 


6 


-1 


2 


5 


; 


-1 


2 


10 


8 


-1 


2 


20 


9 


0 


1 


5 


10 


0 


1 


30 


1 1 


0 


1 


20 


12 


0 


2 


5 


13 


0 


2 


10 


14 


0 


2 


20 


15 


0 


3 


5 


16 


0 


3 


10 


17 


0 


3 


20 


18 




1 


5 


19 




1 


10 


20 




2 


5 


21 




2 


10 


22 




2 


20 





MFAN 








1# T V? 


MAX 


0 


• U / OD 


u 


. U3U7 


0 


.0001 


0 


.1749 


0 


• U / / D 


n 


. Uo 15 


0 


. 0096 


0 


.1964 


0 




u 


. U-)-)U 


0 


. 0106 


0 


.1734 


0 


• \j 7 yjKj 


n 
u 


n 7 n u 
. U / Uo 


0 


. 0035 


0 


.2475 


n 


• \jy / o 


u 


. Uo jO 


0 


. 0022 


0 


.3012 


n 


• U / DO 


U 


n 7 1 r\ 

. U/ 10 


0 


.0010 


0 


.2360 


n 




U 


. 06 16 


0 


.0093 


0 


,2157 


n 


. U 0*4 V 


U 


r\ T r\ o 

. 0703 


0 


. 0079 


0 


.2339 


n 




u 


. 0686 


0 


.COlO 


G 


.2460 




n7^^A 

. U / 0^4 


U 


, 0596 


0 


.0094 


0 


.2044 


n 


n 7 R 1 

. U / 0 I 


U 


u^93 


0 


0103 


0 


. 1657 


u 


> i 1 0 J 


U 


08 14 


0 


0096 


0 


2984 


u 


n Q 0 Q 


U 


0682 


0 


0049 


G 


2449 


0 


n 7Q 


n 




0 , 


0046 


0 


2016 


0 


0756 


0. 


0605 


0. 


0004 


0, 


1854 


0. 


0792 


0. 


0506 


0. 


0118 


0. 


1592 


0. 


0880 


0. 


0661 


0. 


0043 


0. 


2227 


0. 


1246 


0 


0856 


0. 


0002 


0. 


3062 


0. 


0797 


0. 


0525 


0. 


0048 


0. 


1868 


0. 


1239 


0. 


0853 


0. 


0012 


0. 


3068 


0. 


1036 


0. 


0687 


0. 


0238 


0. 


2438 


0. 


0804 


0. 


0513 


0. 


0010 


0. 


1700 



TEST HEIGHT WIDTH LENGTH 



1 

2 
3 



4 




1 


5 


5 




1 


10 


6 




2 


5 


7 




2 


10 


8 




2 


20 


9 




t 
X 


5 


10 


0 


1 


10 


11 


0 


1 


20 


12 


0 


2 


5 


13 


0 


2 


10 


14 


0 


2 


20 


15 


0 


3 


5 


J6 


0 


3 


10 


17 


0 


3 


20 


18 




1 


5 


19 




1 


10 


20 




2 


5 


21 




2 


10 


22 • 




2 


20 





.MEAN 


SD 


MIN 


MAX 


0 


.0720 


0.0536 


0.0001 


0.1589 


0 


.0840 


0.0530 


0.0092 


0. 1642 


0 


.0692 


0.0513 


0.0012 


0. 1378 


0 


.0834 


0.0555 


0.0001 


0.1851 


0 


. 1363 


0.0756 


0.0106 


0.2726 


0 


. 1027 


0.0612 


0.0136 


0.2176 


0 


.0789 


0.0532 


0.0016 


0. 1656 


0 


.0745 


0.0516 


0.0063 


0.1872 


0 


.09'^0 


0.0546 


0.0052 


0.1852 


0 


0826 


0.0530 


0.0080 


0. 1630 


0 


0698 


0.0524 


0.0013 


0.1483 


0 


1083 


0.0588 


0.0238 


0.2028 


0, 


0801 


0.0521 


0.0064 


0. 1674 


0. 


0919 


0.0537 


0.0067 


0.1787 


0. 


0901 


0.0549 


0.0034 


0.1716 


0. 


0745 


0.0556 


0.0009 


0. 1739 


0. 


0695 


0.0451 


0.0161 


0.1699 


o; 


1102 


0.0617 


0.0250 


0.2190 


0.0856 


0.0596 


0,0083 


0.2077 


0. 


0707 


0.0464 


0.0120 


0.1740 


0.0734 


0.0532 


0.0079 


0.1759 


0.0717 


. 0.0520 


0.0020 


0.1740 



TABLE 5 

EVALUATION OF FIDELm' DISTANCE OVER 20 NONANCHOR ITEMS 
GRADE 6 WITHOUT PERSON FIT 



■ SMPD 

TEST HEIGHT WIDTH LENGTH 



1 
2 
3 



4 


.J 


1 


5 


5 


.J 


1 


1 n 


6 


.2 


2 




7 


_1 


2 


10 


8 




2 


20 


9 


0 


1 


5 


10 


0 


1 


10 


11 


0 


1 


20 


12 


0 


2 


5 


13 


0 


2 


10 


14 


0 


2 


20 


15 


0 


3 


5 


16 


0 


3 


10 


17 


0 


3 


20 


18 




1 


5 


19 




1 


10 


20 




2 


5 


21 




2 


10 


22 




2 


20 



3 





MEAN 




SD 




MIN 




MAX 


0 


.0919 


0 


.0585 


0 


.0026 


0 


. 1756 


0 


.1132 


0 


.0649 


0 


.0316 


0 


.2556 


0 


.0952 


0 


.0606 


0 


.0002 


0 


.2072 


0 


.0948 


0 


.0683 


0 


.0023 


0 


.2373 


0 


.1065 


0 


.0822 


0 


.0152 


0 




0 


.0993 


0 


.0712 


0 


.0138 


J 




0 


.1027 


0 


.0658 


0 


.0030 


0 


.2370 


0 


.0959 


0 


.0726 


0 


.0046 


0 


.2466 


0 


.0932 


0 


.0595 


0 


.0172 


0 


.2078 


0 


.0925 


0 


.0595 


0 


.0022 


0 


.2088 


0 


.0961 


0 


.0593 


0 


0001 


0 


. 1980 


0 


.0933 


0 


0582 


0 


0178 


0 


.1888 


0 


.0924 


0 


0605 


0 


0034 


0 


.2116 


0 


.0920 


0 


0576 


0, 


0040 


0 


1759 


0 


0934 


0, 


0596 


0. 


0020 


0 


1880 


0 


1052 


0, 


0555 


0. 


0150 


0 


1960 


0, 


1139 


0. 


0613 


0. 


0342 


0, 


2442 


0, 


0921 


0. 


0640 


0. 


0136 


0, 


2174 


0. 


0917 


0. 


0614 


0. 


0195 


0. 


2205 


0. 


0961 


0. 


0855 


0. 


0016 


0. 


2434 


0. 


1049 


0. 


0578 


0. 


0024 


0. 


2056 


0. 


0977 


0. 


0589 


0. 


0073 . 


0. 


1987 
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TABLE 6 

EVALUATION OF FIDELITY DISTANCE OVER 20 NONAKCHOR ITEMS 
GRADE 6 WITH PERSON FIT 



TEST HEIGHT WIDTH LENGTH 



1 
2 
3 



4 


-1 


1 


5 


5 


-1 


1 . 


10 


6 


-1 


2 


5 


7 


-1 


2 


10 


8 




2 


20 


9 


0 


1 


5 


10 


0 


1 


10 


11 


0 


1 


20 


12 


0 


2 


5 


13 


0 


2 


10 


14 


0 


2 . 


20 


15 


0 


3 


5 


16 


0 


3 


10 


17 


0 


3 


20 


18 




1 


5 


19 




1 


10 


20 




2 


5 


21 




2 


10 


22 




2 


20 



1 





MEAN 




cn 




\.4 T VT 

MIN 




0 


• wo / 7 


u 


. Ub / 1 


0 


. 0069 


0 


.2609 


0 


1 1 QQ 
» ± ly y 


n 
U 


. Uo 13 


0 


.0140 


0 


.3820 


0 




u 


. Uolo 


0 


. 0066 


0 


.3944 


0 


1197 


u 


r\ D ^ D 

. 0868 


.0 


.0002 


0 


.3762 


0 


• 11^^ 


U 


. U7d3 


0 


. 0299 


0 


.3411 


0 


• 1 u 


U 


. 0887 


0 


. 0034 


0 


.2666 


0 


1 nA 7 


U 


. 0877 


0 


. 0007 


0 


.3237 


n 




U 


. 0766 


0 


. 0155 


0 


.3055 


0 




U 


. 0767 


0 


.0152 


0 


.3012 


n 




0 


.0785 


0 


. 0026 


0 


.3594 


0 


1 1 Q7 


U 


0940 


0 


. 0027 


0 


.4417 


0 


> 1 Z UO 


0 


09 16 


0 


0198 


0 


2938 


0 




U 


0783 


0 


0015 


0 


2905 


0 


1037 


n 


U / J / 


u 


UZdj 


0, 


3313 


0, 


1061 


0. 


0654 


0 


0294 


0. 


2756 


0 


1095 


0. 


0758 


0. 


0146 


0. 


3694 


0, 


0973 


0. 


0716 


0. 


0086 


0. 


2787 


0. 


1270 


0. 


0956 


0. 


0196 


0. 


3416 


0. 


0986 


0. 


0714 


0. 


0128 


0. 


3052 


0. 


1534 


0. 


1077 


0. 


0076 


0. 


3916 


0. 


1229 


0. 


0803 


0. 


0299 


0. 


2911 


0. 


1022 


0. 


0885 


0. 


0016 


0. 


2886 



SMPL=2 



TEST 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 . 

21 

22 



HEIGHT 



WIDTH 



LENGTH 



MEAN 



SD 



MIN 



MAX 



0 
0 
0 
0 
0 
0 
0 
0 
0 



1 

1 

2 

2 

2 

1 

1 

1 

2 

2 

2 

3 

3 

3 

1 

1 

2 

2 

2 





0 


.0819 


0.0556 


0 


.0026 


0.2006 




0 


.085.0 


0.0420 


, 0 


.0210 


0. 1560 




0 


.0822 


0.0610 


0 


.0019 


0.2039 


5 


0 


.0913 


0.0536 


0 


.0136 


0.2044 


10 


0.0884 


0.0543 


0 


.0048 


0. 1858 


5 


0 


. 1180 


0.0849 


0 


.0094 


0.2844 


10 


0 


. 0889 


0.0525 


0 


.0066 


0.1844 


20 


0 


.0845 


0.0422 


0 


.0113 


0. 1513 


5 


0 


.0869 


0.0435 


0 


.0230 


0.1520 


10 


0 


0863 


0.0491 


0 


0087 


0. 1833 


20 


0 


0946 


0.0711 


0 


0071 


0.2781 


5 


0 


0967 


0.0554 


0 


0146 


0.1794 


10 


0, 


0816 


0.0423 


0. 


0045 


0.1675 


.20 


0. 


089 1 


0.0551 


0, 


0266 


^.0.1964 


5 


0. 


0880 


0.0489 


0. 


0184 


0. 1704 


10 


0. 


0845 


0.0552 


0. 


0014 


0. 1724 


20 


0. 


0854 


0.0507 


0. 


0049 


0.1768 


5 


0. 


1000 


0.0633 


0. 


0094 


0.2014 


10 


0. 


0921 


0.0630 


0/0020 — 


- 0rl860 - 


5 


0. 


0849 


0.0515 


0. 


0032 


0.1852 


10 


0. 


0839 


0.0543 


0. 


0050 


0.1620 


20 


0. 


0818 


0.0555 , 


0. 


0029 


0.1740 
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TABLE 6 

EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS 
GRADE 6 WITH PERSON FIT 



TEST HEIGHT WIDTH LENGTH 



1 

2 
3 



A 




1 


5 


5 




1 


10 


D 




2 


5 


7 




2 


10 


8 




2 


20 


9 


0 


1 


5 


10 


0 


1 


10 


11 


0 


1 


20 


12 


0 


2 


5 


13 


0 


2 


10 


14 


0 


2 


20 


15 


0 


3 


5 


16 


0 


3 


10 


17 


0 


3 


20 


18 




1 


5 


19 




1 


10 


20 




2 


5 


21 




2 


10 


22 




2 


20 





MEAN 




SD 


MIN 




MAY 


0 


. 1102 


0 


.0595 


0 


.0180 


n 




0 


.1460 ■ 


0 


.0919 


0 


.0030 


n 




0 


. 1326 


0 


.0728 


0 


.0264 


u 




0 


. 1133 


0 


.0728 


0 


.0026 


n 


9 c c 


0 


, 1141 


0 


.0717 


0 


,0015 


u 


9 A fi R 


0 


, 1131 


0 


.0893 


0 


,0024 


u 




0 


. 1168 


0 


. 0690 


0 


,0092 


u 


9 C O C 


0 


. 1097 


0 


. 0707 


0 


.0028 


U 


. 2 loo 


0 


. 1109 


0 


.0718 


0 


.0030 


U 


o c ^ r\ 
. ZdoU 


0 


. 1264 


0 


, 0731 


0 


.0105 


U 


o o o c 


0 


. 1498 


0 


0830 


0 


.0236 


U 


JOOH 


0 


. 1156 


0 


0766 


0 


0036 


U 


O CA ^ 


0 


1106 


0 


0753 


0 


0095 


u 


9 Q A R 


0 


1267 


0 


0759 


0 


0353 


0, 


3193 


0 


1089 


0, 


0714 


0, 


0008 


0, 


2602 


0, 


1313 


0. 


0789 


0. 


0071 


0, 


3109 


0, 


1136 ^ 


0, 


0705 


0, 


0070 


0, 


2590 


0. 


1122 


0, 


0731 


0. 


0118 


0. 


2628 


0. 


1153 


0. 


0774 


0, 


0007 


0. 


2463 


0. 


1329 


0. 


1121 


0. 


0018 


0. 


3362 


0. 


1217 


0. 


0703 


0, 


0085 


0. 


2435 


0. 


11^6 


b. 


0728 


0. 


0056 


0, 


2384 
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EVALUATION OF FIDELITY 
GRADE 7 



TEST 

1 

2 

3 

A 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



HEIGHT 



0 
0 
0 
0 

0 
0 
0 
0 

0 



WIDTH 



1 
1 
2 
2 
2 
1 
1 
1 
2 
2 
2 
3 
3 
3 
1 
1 
2 

2 

o 



TABLE 7 

DISTANCE OVER 20 NONANCHOR ITEMS 
WITHOUT PERSON FIT 



SMPL=1 



LENGTH 



5 

10 

5 
10 
20 

5 
10 
20 

5 
10 
20 

5 
10 
20 

5 
10 

5 
10 
20 



MEAN 










MAX 


0 


. 1010 


U 


. U / 1 / 


0 


.OllA 


0 


.3226 


0 


. 1037 


U 


. U73D 


u 


.0022 


0 


.28A8 


0 


.099A 


U 


n 7 O D 

. U /ZO 


0 


. 002A 


0 


.3236 


0 


. 1079 


U 


n 7 7 c 


0 


. 0085 


0 


.2785 


0 


. lAOO 


u 


r\ o o o 

. uyzy 


0 


. 0136 


0 


.2^^6A 


0 


.117A 


0 


. 0930 


0 


. OOOA 


0 


.3966 


0 


. 102A 


0 


. 0763 


0 


.0015 


0 


.3395 


0 


. 10A5 




. 07 79 


0 


.0173 


0 


.3AA3 


0 


. 1017 


0 


. 07A9 


0 


.0110 


0 


.3180 


0 


. 1016 


0 


. 0738 


0 


.0050 


0 


.3080 


0 


lO^"' 


0 


0702 


0 


0081 


0 


.3091 


0 


10^. 


0 


0738 


0 


GOAO 


0 


3330 


0 


1021 


0 


0760 


0 


0172 


0 


3372 


0 


1000 


u 


r\ T o o 

0732 


0 , 


0032 


0 


3238 


0 


1259 


0. 


0915 


0. 


0028 


0, 


2722 


0 


1078 


0. 


0798 


0. 


0036 


0. 


2606 


0. 


1131 


0. 


0893 


0. 


0109 


0. 


3861 


0. 


lOAl 


0. 


0787 


0. 


008A 


0. 


352A 


0. 


1093 


0. 


0875 


0. 


0080 


0. 


3750 


0. 


1045 


0. 


0788 


0. 


0080 


0. 


35A0 


0. 


1018 


0, 


0738 


0. 


0079 


0. 


3331 


0. 


1039 


0. 


0807 


0. 


0063 


0. 


3557 



TEST 

1 

2 

3 

A 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



HEIGHT 



WIDTH 



.ENGTH 



0 
0 
0 
0 
0 
0 
0 
0 
0 



ERIC 






MEAN 




SD 




MIN 


MAX 


0 


.0995 


0 


.0667 


0 


.0120 


0 


.2290 


0 


.0988 


0 


.0677 


0 


.0104 


0 


.2294 


0 


. 1023 


0 


.0657 


0 


.0064 


.0 


.2504 


0 


.1025 


0 


.0716 


0 


.0029 


0 


.27A1 


0 


.0991 


0 


.0838 


0 


.0024 


0 


.2746 


0 


.151A 


0 


.0977 


0 


.0312 


0 


.3808 


0 


.11A9 


0 


.0801 


0 


.0137 


0 


.3123 


0 


.1113 


0 


.0795 


0 


.0120 


0 


.3130 


0 


. 1063 


0 


.0713 


0 


.0100 


0 


.2840 


0 


.0987 


0 


.0681 . 


0 


.0071 


0 


2301 


0 


0998 


0 


0644 


0 


.0030 


0 


2240 


0 


lOAO 


0 


0671 


0 


0012 


0 


2612 


0 


0992 


0 


0768 


. 0 


0087 


0 


2563 


0. 


0993 


0 


0678 


0 


0032 


0, 


2398 


0 


1062 


0 . 


0893 ' 


0 


0022 


0. 


2872 


0. 


1011 


0. 


0733 


0. 


0096 


0. 


2464 


0. 


1150 


0. 


0790 


0. 


0188 


0. 


3062 


0. 


0997 


0. 


0806 


0. 


0034 


0. 


2664 


0. 


0997 


0. 


0688 


0. 


0207 


0.2383.. 


0. 


0993 


0. 


0709 


0. 


0206 


0. 


2426 


0. 


1007 


0. 


0781 « 


0. 


0001 


, 0' 


2599 


0. 


0999 


0. 


0744 


0. 


0051 


0. 


2519 
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TABLE 7 

EVALUATION OF FIDELm' DISTANCE OVER 20 NONANCHOR ITEMS 
GRADE 7 WITHOUT PERSON FIT 



TEST HEIGHT WIDTH LENGTH 



1 

2 
3 



4 




1 

± 




5 




1 

1 


1 n 
lU 


6 






c 


7 




0 


lU 


8 






20 


9 


0 


1 


5 


10 


0 


1 


10 


11 


0 


1 


20 


12 


0 


2 


5 


13 


0 


2 


10 


14 


0 


2 


20 


15 


0 


3 


5 


16 


0 


3 


10 


17 


0 


3 


20 


18 




1 


5 


19 




1 


10 


20 




2 


5 


21 




2 


10 


22 




2 


20 



MEAN SD MIN MAX 



n 
u 




0 


. 0615 


0 


. 0223 


0 


.2263 


u 


n Q 7 /. 


0 


. 0650 


0 


.0072 


0 


.2202 


U 


. 1039 


0 


.0625 


0 


.0269 


0 


.2531 


U 


. lOOO 


0 


. 0714 


C 


.0091 


0 


.2379 


U 


. 10:>0 


0 


.0878 


0 


.0024 


0 


.2776 


U 


. 1206 


0 


.0749 


0 


.0092 


0 


.3102 


U 


. 1 142 


0 


. 0718 


0 


.0035 


0 


.2935 


U 


lion 

1139 


0 


.0705 


0 


.0013 


0 


.2917 


U 


1265 


0 


.0762 


0 


.0264 


0 


.3166 


n 


n Q 

U 7ZD 


0 


, 0698 


0 


.0028 


0 


.2248 


0 


0965 


0 


.0622 


0 


.0161 


0 


21.1 


0 


1019 


0 


0614 


0 


0090 


0 


2460 


0 


1086 


0 


0645 


0 


0211 


0 


2709 


0. 


0996 


0 


0616 


0 


0223 


0 


2313 


0. 


0994 


0, 


0612 


0, 


0224 


0, 


2336 


0. 


0904 


0. 


0796 


0. 


0002 


0. 


2422 


0. 


1331 


0. 


0805 . 


0. 


0028 


0. 


3262 


0. 


1075 


0. 


0665 


0. 


0032^ 


0. 


''702 


0. 


1009 


0. 


0613 


0. 


0132 


0. 


2418 


0. 


1210 


-0. 


0719 


0. 


0212 


0, 


3012 


0. 


0999 


0. 


0613 


0. 


0056 


0. 


2394 


0. 


1003 


0. 


0609 


0. 


0110 


0. 


2400 
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TABLE 8 

EVALUATION OF FIDELITY DISTANCE OVER 20 NONAKCHOR ITEMS 
GRADE 7 WITH PERSON FIT 



TEST 

1 
2 
3 
4 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



HEIGHT 



WIDTH 



0 
0 
0 
0 
0 
0 
0 
0 
0 



1 
1 

2 
2 

9 



1 

2 
2 
2 
3 
3 
3 
1 
1 
2 
2 
2 



LENGTH 




MEAN 




SD 




MIN 




MAX 




0 


. 1177 


0 


.0749 


0 


.0365 


0 


.3545 




0 


. 1242 


0 


.0923 


0 


.0200 


0 


.3010 




0 


. 1157 


0 


.0751 


0 


.0214 


0 


.3094 


5 


0 


.1118 


0 


.0886 


0 


.0116 


0 


.3094 


10 


0 


. 1155 


0 


.0958 


0 


.0056 


0 


.3616 


5 


0 


. 1304 


0 


.0986 


0 


.0010 


0 


.4360 


10 


0 


.1170 


0 


.0722 


0 


.0312 


(] 


.3468 


20 ^ 


0 


. 1164 


0 


.0766 


0 


.0288 


0 


.3308 


5 


0 


. 1201 


0 


.0815 


0 


.0214 


0 


.3374 


10 


0 


. 1225 


0 


.0848 


0 


.0065, 


0 


.3075 


20 


0 


. 1242 


0 


0648 


0 


.0049 


0 


.3059 


5 


0 


.1149 


0 


0789 


0 


0268 


0 


3552 


10 


0 


1091 


0 


0809 


0 


0075 


0 


3565 


20 


0 


1147 


0, 


0771 


0 


0228 


0 


3248 


5 


0 


1384 


0, 


1158 


0, 


0018 


0, 


3508 


10 


0, 


1284 


0. 


0984 


0. 


0112 


0. 


3098 


20 


0. 


1175 


0. 


0824 


0. 


0221 


0. 


3711 


5 


0. 


1259 


0. 


0873 


0. 


0040 


0. 


3760 


10 


0. 


1361 


0. 


1017 


0. 


0114 


0. 


4204 


5 


0. 


1226 


0. 


0873 


0. 


0008 


0. 


3948 


10 


0. 


1173 


0. 


0884 


0. 


0082 


0. 


3838 


20 


0. 


1215 


0. 


0919 


0. 


0090 


0. 


405 : 



SMPL= 



TEST 



ERIC 



HEIGHT 



WIDTH 



LENGTH 



MEAN 



SD 



MIN 



MAX 



1 








0 


. 1094 


0 


:0694 


0 


.0098 


0 


.2218 


2 








0 


. 1046 


0 


.0662 


0 


.0084 


0 


.2126 


3 








0 


. 1044 


0 


.0679 


0 


.0160 


0 


.2380 


4 




1 


5 


0 


. 1088 


0 


.0697 


0 


.0062 


0 


.2728 


5 




1 


10 


0 


.1170 


0 


.0815 


0 


.0187 


0 


.3377 


6 




2 


5 


0 


.1315 


0 


.0855 


0 


.0048 


0 


.3302 


7 
8 




2 


10 


0 


.1152 


0 


.0607 


0 


.0377 


0 


.2537 




2 


20 


0 


1070 


0 


.0662 


0 


.0022 


0 


.2478 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


0 


1 


5 


0 


1102 


0 


.0647 


0 


.0172 


0 


2602 


0 


1 


10 


0 


1075 


0 


.0748 


0 


0091 


0 


2741 


0 


1 


20 


0' 


1133 


0 


.0802 


0 


0015 


0 


2775 


0 


2 


5 


0. 


1025 


0 


0677 


0 


0024 


0, 


2356 


0 


2 


10 


0. 


1038 


0 


0781 


0, 


0017 


0. 


2287 


0 


2 


20 


0. 


1016 


0, 


0702 


0. 


0024 


0. 


2034 


0 


3 


5 


0. 


1070 


o: 


0878 


0. 


0110 


0. 


2630 


0 


3 


10 


0. 


1124 


0. 


0777 


0. 


0013 


0. 


2483 


0 


3 


20 


0. 


1082 


0. 


0681 


0. 


0030 


0. 


2270 




1 


5 


0. 


1037 


0. 


0705 ^ 


0. 


0038 


0. 


2328 




1 


10 


0. 


1090 


0. 


0749 ' 


0. 


0025 


0. 


2625 




2 


, . 5 


0. 


1027 


0. 


0642 


0 . 


0040 


0. 


2220 




2 


10 


0. 


1110 


0. 


0684 


0. 


0068 


0. 


2312 




2 . 


20 


. c. 


1124 




0676 


•0. 


0060 


0. 


2300 



TABLE 8 

EVALUATION OF FIDELITY DISTANCE OVER 20 NONANCHOR ITEMS 
GRADE 7 WITH PERSON FIT 



TEST HEIGhT WIDTH LENGTH 



1 
2 
3 



4 


-1 


1 


5 


5 


-1 


1 


10 


6 


-1 


2 


5 


7 


-1 


2 


10 


8 
9 


•o 

0 


2 

1 


20 
5 


10 


0 


1 


10 


11 


0 


1 


20 


12 


0 


2 


5 


•3 


0 


2 


10 


14 


0 


2 


2C 


15 


0 


'i 


5 


16 


0 


3 


10 


17 


0 


3 


20 


18 




1 




19 




1 


10 


20 




2 


5 


21 




2 


10 


2: 




2 


20 



MEAN 




SD 


MIN . 


MAX 


0 


.0892 


0 


. 0638 


0 


. 0046 


0 


. 1996 


0 


.0978 


0 


. 0685 


0 


.0090 


0 


.2470 


0 


.0952 


0 


. 0660 


0 


.0011 


0 


.2531 


0 


.0991 


0 


.0711 


0 


.0092 


0 


.2542 


0 


.1128 


0 


. 0719 


0 


.0061 


0 


.3069 


0 


.1169 


0 


. 0707 


0 


.0172 


0 


.3262 


0 


.1103 


0 


0667 


0 


.0008 


0 


.2822 


0 


. 1002 


0 


0704 


0 


.0069 


0 


.2671 


0 


. 1262 


0 


0812 


0 


.0168 


0 


.3768 


0 


.0957 


0 


0734 


0 


.0155 


0 


.2575 


0 


.0913 


0 


U D / D 


0 


.0013 


0 


.2227 


0 


.0997 


0 


0698 


0 


.0008 


0 


.2688 


0 


1052 


0 


0632 


0 


0063 


0 


.2753 


0 


.0901 


0 


0596 . 


0 


0035 


0 


1955- 


0 


1031 


0. 


0685 ' 


0 


0020 


0 


2740 


0 


0919 


0. 


0688 


0 


0142 


0 


2478 


0 


0962 


0. 


0618 


0 


0129 


e 


2361 


0 


1262 


0. 


0756 


' 0 


0190 


0 


3330 


0, 


1054 


0. 


0749 


0 


0026 


0 


2904 


0. 


1287 


0. 


0843 


0. 


0162 


0 


3638 


0. 


1035 


0. 


0735 


0. 


0040 


0. 


2770 


0. 


0978 


0. 


0722 


0. 


0060 


0. 


2590 



38 



